ABSTRACT: Availability of accurate location information of components decreases the search time and increases the chance of using shared resources. In our previously proposed framework, RFID tags are attached to components at an early stage of the lifecycle and their memory is used for various purposes throughout the lifecycle. In this paper, we propose to store various types of location-related information (e.g., current location, temporary location) on RFID tags. Details about how these data can help users (e.g., inspectors) find components in the operation phase are further elaborated. Furthermore, the paper discusses how the location data on tags can provide the users with their current location and predefined paths in the building. For example, a user equipped with an RFID reader is able to see his/her approximate location on a floor plan based on the information read from surrounding tags without having access to any Real-Time Location System. A case study is designed and implemented in a high-rise university building.
INTRODUCTION
Location data is essential for many processes related to supply chain management (SCM), facilities management (FM) and product lifecycle management (PLM). It enables employees to optimize their decisions with regard to the route they follow when looking for an asset, which results in significant improvement of resource utilization.
Location tracking systems provide the potential for achieving savings depending on the selected technology [1] .
Real-time Location Systems (RTLS) operate in both indoor and outdoor environments and have different characteristics, such as accuracy, precision, the need for fixed infrastructure, range and cost [2] . However, adapting RTLS technologies in complex buildings is complicated and costly.
In our previous research, a framework is proposed where Radio Frequency Identification (RFID) tags are attached to components at an early stage of their lifecycle and the memory on tags is used to store various types of data.
Storing lifecycle information on RFID tags provides realtime data access that facilitates several processes during the lifecycle of buildings' components [3] . In this paper, we propose to store additional various location-related information (e.g., current location, temporary location, predefined routes) on tags' memory to be used by stakeholders throughout the lifecycle of the components.
For example, the FM personnel can use these data for locating components. Our proposed approach is based on the assumption that relatively long-range RFID tags are attached to building components. These tags are not solely used for locating purpose, and their memory is used during the lifecycle for various applications. Additionally, location data on tags can assist building users (e.g., students of a university building) with estimating their current location in the building. For example, a user equipped with an RFID reader is able to see his/her approximate location on a floor plan based on the information read from surrounding tags without having access to any RTLS.
The objectives of the paper are: (1) to investigate the potential lifecycle location data to be stored on RFID tags, (2) to elaborate on methods to add and update location data on RFID tags, (3) to identify suitable target component types for location tracking using RFID data during the operation phase, and (4) to investigate the benefits of storing location information for locating assets and users.
LITERTURE REVIEW

RTLS technologies
The need for indoor positioning has been rapidly expanding in many fields in recent years [4] . Liu et al. [2] have reviewed the current wireless location sensing systems for indoor applications. Different performance criteria are discussed with several tradeoffs among them.
Fuchs et al. [5] have reviewed indoor tracking methods focusing on the requirements of mission critical applications.
RFID can be used for indoor location sensing. Three major methods are used to locate RFID tags or readers: (1) triangulation, (2) proximity, and (3) scene analysis (fingerprinting) [6, 7] . The first two methods require interference among RFID components and some materials are the main limiting factors [6] . Li et al. [7] have reviewed several RFID-based indoor location sensing solutions and concluded that no single solution meets all the criteria for success, and the adaptability of these solutions is uncertain.
RFID-assisted lifecycle information management
The use of attached RFID tags for lifecycle management has been proposed in the aerospace industry for storing unique ID and important lifecycle information on tags attached to aircraft parts for enhancing inspection and repair processes [8] . Several studies suggested storing data related to components on attached RFID tags [3, 9, 10] .
Only few studies explored on the potentials of storing location-related data on RFID tags (e.g., [11] ).
The framework developed in our previous research proposed adding structured information taken from the Building Information Model (BIM) database to RFID tags attached to the building components [3] . Having data related to the components readily available on the tags provides easy access for stakeholders that need to access the data regardless of having real-time connection to a central database. In this framework, every component is a potential target for tagging. Having standard tags attached to components results in a massive tag cloud in the building. The target components are tagged during or just after manufacturing and are scanned at several points in time during the lifecycle. The scan events are for reading the stored data or modifying the data based on the system requirements and the stage at which the scan is happening.
The scanned data are transferred to different software applications and processed to manage the activities related to the components (e.g., inspection and maintenance activities).
Considering the limited memory of the tags, the subset of BIM data stored on these tags has to be chosen based on the requirements of the tasks. The data on a tag are changing during the lifecycle and different software applications use and modify the data with different designated access levels [10] .
PROPOSED APPROACH
RFID memory for storing lifecycle location data
In our framework, components are scanned and the data on to the RTLS interface (e.g., web service, middleware) to query and retrieve the location of a specific component ( Fig. 2(a) ). In the second method, location data are available on tags and the user can read the data and locate the component even if it is hidden, obstructed or stored in closed areas, without having access to any RTLS ( Fig.   2(b) ). 
Fig. 2 Location Tracking Methods
By storing the updated current location data on the attached tags, the user can read the RFID data from a distance and retrieve the location information. In this scenario, the user needs to have a preloaded floor plan to be able to find components. By storing additional navigation data (e.g., maps and floor plans) the user can find the component in the building without having any preloaded floor plans.
Categorization of components at operation phase
Building components can be categorized in four major 
Suitable location tracking platform
Finding the location of components is desirable during the This paper proposes using current location data on RFID tags for fixed and semi-fixed components that follow planned movement patterns. However, because the data is manually updated and the location update is not in realtime, this method is not suitable for movable components.
Since the current location data is available locally on tags and can be read from distance by handheld readers, this method does not require any infrastructure. Although this method is only suitable for fixed and semi-fixed components, these components are the main target of maintenance activities in the building. This method can also be used for some temporary components that are not movable in the building. These components can be equipped with RFID tags and their locations can be updated on the tags by FM personnel.
Location tags
Attaching long-range tags with large memory capacity to all fixed and semi-fixed components may not become financially feasible in the near future. In order to benefit from the proposed location tracking method using RFID data, specific long-range tags can be attached to selected components and assigned to a space to store location information related to a set of components in that space. In this scenario, other components can be equipped with short-range passive tags. Consequently, when a user tries to locate a component, the data on the location tag is read from a distance which contains location data for all components in that space including the target component.
These location tags can also be equipped with large memory chipsets that contain floor plans and navigational information. The location information is updated on location tags when a fixed component is installed in that specific area, or when a semi-fixed component is moved to/from that specific area by FM personnel.
Using location information to position the user
In addition to locating assets, current location data on tags can help users finding their estimated locations in the building. This method can be used in complex facilities, such as hospitals or universities. There are two major scenarios for the user to estimate his/her location from surrounding tags: (1) the user scans a visible tag on a component or a location tag that is located in a close proximity and read the current location data of the tag.
Consequently, the user can be provided with his/her current location information, (2) the user scans the environment and reads the location data of surrounding tags to be used for RFID location estimation techniques.
As explained in Subsection 2.1, proximity method is used to locate a moving reader by measuring its distance from tags with known locations. In our proposed framework, 3(a) ). FM personnel can select the desired tag from the floor plan and retrieve detailed information (Fig.3(b) ). In the second scenario, RFID data are used to help users detect their location. A facility user (e.g., a student) scans the environment and the software shows the floor plan of the building with dots representing detected tags. The size of dots is proportional to RSS value for each detected tag.
The user will be able to find his/her location visually from the floor plan. Moreover, the user is able to read public data that is stored on the tag to get more information about the environment (e.g., department's name, emergency exits). In order to improve the accuracy of the system, the power of the reader is reduced to detect only tags located in a close proximity. RFID tags used in this case study are equipped with Light-Emitting Diodes (LED) that help the user to visually locate the closest tag.
CONCLUSIONS AND FUTURE WORK
The current paper is an extension to the previous research of the authors by introducing additional location-related information to be stored on RFID tags. The paper discussed the usage of current location data to assist FM personnel with finding some asset types and to help users estimating their location in the building. Moreover, the idea of having location tags is discussed. The case study showed that location data saved on tags attached to fixed components can help FM personnel locate components more efficiently. 
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